Reducing the energy consumption and improving the robustness of a Wireless Sensor Network (WSN) are the main requirements for many industrial and research applications. The sensors usually use a routing protocol in order to deliver the sensing data to a Base Station (BS) which may be far away from the monitoring area. Many algorithms proposed in the literature compute the routing process by clustering the network and by designing new election mechanisms in which the clusterheads are chosen taking account of the remaining energy, the communication cost and the density of nodes. However, they do not consider the connectivity to the BS, and assume that all the nodes or only few prefixed nodes are able to directly communicate with it. We believe that this assumption is not suitable for many applications of WSN and to tackle this problem we propose CESAR, a multi-hop and energy-efficient routing protocol for large-scale WSN which includes a new cluster-head selection mechanism aware of the battery level and the connectivity to the BS. Furthermore, our solution employs an innovative hybrid approach to combine both clustering and on-demand techniques in order to provide an adaptive behavior for different dynamic topologies. Simulation results show that our solution outperforms in terms of energy consumption and data delivery other known routing algorithms in the literature.
Introduction
The Wireless Sensor Networks (WSN) are often composed of a large number of sensors that collaborate in order to transmit the sensing data to the Base Station (BS) by satisfying some requirements such as coverage, robustness, scalability and lifetime. Several solutions concerning the physical, MAC and network layers have been proposed in the literature. Regarding the routing protocols, the clustering techniques are employed to reduce the message overhead, the overhearing and the interferences between the nodes in the network. The benefits introduced by this approach lead to a high scalability, simple routing decisions, and low energy dissipation by reducing the data traffic and the overhead caused by the flow of routing information.
In this paper we present the Cluster-based Energy Saving Affiliation Routing protocol (CESAR) which is a new multi-hop and energy-efficient algorithm that aims to reduce the energy consumption in WSN by introducing a scheme with innovative features. The main aspects considered in the design of the routing scheme are the energy consumed by the nodes and the data delivery, since our objectives are to create a robust and scalable network and extend its lifetime as long as possible, while fulfilling application requirements. We will show in the next sections that our clustering scheme outperforms the other simulated algorithms.
We survey the related work in Section II. The main features of CESAR are presented in Section III. In Section IV CESAR is employed in different simulated scenarios inspired by industrial use case applications and we analyze the results in comparison with other routing algorithms. Finally, Section V gives the concluding remarks and reports the direction for future works.
Background and Related Work
Several cluster-based protocols have been proposed in the literature in the last few years to reduce the energy consumption and prolong the network lifetime in WSNs. They can be classified according to the goals and the approaches employed for cluster formation and cluster-head selection. The main distinction is related to the cluster formation mechanism. In this sense, we can distinguish centralized algorithms such as PEGASIS [1] and CDC [2], and distributed algorithms like LEACH [3], HEED [4], and DSBCV [5] . Other schemes are based on Geographical clustering as RCHR [6] and TTDD [7], on the concentric clustering such as CCS [8], or on the use of specific cluster-head election techniques like BLAC [9] . The algorithm named SECC selects the nodes to add to the clusters according to their energy or distance from the cluster-head [10] . In this section we describe in brief some distributed clustering schemes by listing their features and limitations.
Nevertheless, the most of the algorithms studied in the literature suppose that all the nodes can always directly communicate with the BS. We believe that this assumption is quite restrictive and not suitable for many applications of WSNs in which the sensors may not be able to connect to the BS because of the excessive distance or the bad radio environment. Moreover, some schemes such as LEACH and HEED need the synchronization between the nodes in order to start the clustering process at the same time. If the nodes are not synchronized the performances of the two algorithms in terms of energy consumption and data delivery are significantly degraded, since the cluster-head selection cannot be well performed. The solution presented in this paper does not adopt such an assumption, since it considers the connectivity to the BS as one parameter to use in the cluster-head selection scheme.
